4 protein sources were tested for palatability, digestibility, innuence on bodyweight and consistency of faeces in Callithrix jacchus and Saguinus fuscicollis. The protein sources were incorporated at crude protein levels of 12, 17 and 22% in a pelle ted diet. A banana supplement was also fed which reduced the total protein content to 10,7, 14·7 and 18'3%. The test diets, fed for 3 weeks, were well accepted with the milk proteins being slightly preferred. Consumption of the 12% protein pellets was greater than their 22% equivalents.
Protein sources for animal diets are derived either from animal or plant origin. Animal proteins are generally regarded to be of higher quality due to better digestibility and an aminoacid pattern more adjusted to the actual requirements than those of unsupplemented plant proteins. However. casein and soyabean proteins, which are frequently used in purified diets. are deficient in sulphur containing aminoacids.
Since 1960, when the success of raising the protein content from an unknown low to a higher level (24% protein in dry matter) in marmoset diets was reported (Stellar. 1960 ) and further work confirmed that finding (Deinhardt. Devine, Passovoy. Pohlman & Deinhardt. 1967; Mallinson, 1975) . marmosets and tamarins have generally been considered to have a high protein requirement. However this family, Callithricidae.
are particularly known for their fastidious taste. Therefore, several protein
Received 30 April /983. Accepled 2 March /985. sources (casein, a lactalbumin and 2 soy proteins) at rather high levels were tested in the species Calli-/hrix jacchus and Saguinus fuscicollis. Food intake and apparent protein digestibility were measured and an attempt was also made to determine true protein digestibility, using a low protein basal ration, adjusted to the normal quantity with cornstarch instead of a protein source. Additionally, the effect of increasing levels of cellulose (from 2·4 '}'o to 7,2%) on protein digestibility was examined.
Materials and methods Animals
The animals used in these tests came from a breeding colony. Laboratory-born Callithrix jacchus jacclws and wild-caught Saguinus fuscicollis avitapiresi and S.f. nigrifrons (all adults) were studied. The data from the 2 species were pooled. Most animals were caged in pairs. The animals were housed separated by species. Room temperature was 23 ± 3°C and relative humidity 60 ± 10%.
Fluorescent illumination was provided 12 h a day in addition to natural daylight. Tap water was supplied ad libitllm in plastic bottles with sipper tubes.
Die/s
The 4 protein sources tested were the 2 milk proteins. casein (96% crude protein in dry matter) and lactalbumin (72% cpdm); and 2 soy proteins. a soy protein concentrate* (71 % cpdm) and soya bean meal (50% cpdm). The protein sources were tested in diets containing 12·2, 17·3 and 22·1 '10 cpdm.
Each diet contained 6·2% protein contributed by the various components of the basal ration which amounted to 62·75% of the total mix. The remainder of the diet consisted either of cornstarch or of the protein under study in the required amount plus DL-methionine (2°,{, of the total dietary protein) and cornstarch. '''Danpro A' (Aarhus Oliefabric. HIOU Aarbus. Dcnmark) diffcrs in its preparation from the more commonly used soy protein isolates. After acid fixation (pH 4·5) the walersoluble fraction (mainly carbobydrates) is removed and the residue which contains protein. pectin. cellulose and hemicellulose. is collected by centrifugation.
Since the animals were used to a fruit supplement they were fed 20 g banana daily in the first week of the trial and 10 g in the second and third weeks. This supplement was taken into account when calculating total protein, crude fibre content and digestibility of the rations. The average total crude protein contents of the rations over the 3-week period were therefore calculated to be 10·7, 14·7 and 18·3%, and 5·9% for the basal ration.
The basal ration contained (in glkg): ground corn, 90; whole wheat flour, heat treated 90; rolled oats, food-grade, 150; sucrose, 150; natural banana flavour, 15; fat concentrate 40% (60% skim milk powder), 60; soy oil, 20; alfalfa meal, 20; CaHP04.2 H20, 10; CaCO}, 5; NaCI, 2; vitamin premix, 6; ascorbic acid, 1·5; mineral mix, 1; Ca-propionate (mould inhibitor), 2; Cr20},5.
The vitamin premix contained in 6 g (i.e. per kg of feed): retinol, 9 mg; cholecalciferol, 0·066 mg; a-DL-tocopherolacetate, 72 mg; menadione, 2-4 mg; thiamine, 10·8 mg; riboflavin, 14·4 mg; pyridoxine 6 mg; cyanocobalamin, 0·06 mg; biotin, 0·18 mg; pte roy I glutamic acid, 0·360 mg; Ca-pantothenate, 36 mg; nicotinic acid, 108 mg; choline, 900 mg; ascorbic acid, 180 mg; soy flour as vehicle.
The mineral mix contained in 1 g (i.e. per kg of feed): 100 mg Fe as iron fumarate; 80 mg Zn as zinc acetate; 80 mg Mn as manganese sulfate; 12 mg Cu as copper acetate; 2·5 mg I as potassium iodide; 1 mg Co as cobalt sulfate; 0·5 mg Se as sodium selenite; 5 mg F as sodium fluoride; 70 mg Mg as magnesium oxide; cornstarch as vehicle.,
Cellulose was tested at levels of 2·4, 4·0, 5·6 and 7·2% total crude fibre. A level of 1·5% crude fibre originated from the basal ration (composition see above). The protein content was 18·5% in dry matter with lactalbumin as the main protein source and cornstarch as filler. The same banana supplement as in the protein trials was given. Its crude fibre and protein content is included in the figures mentioned above and in the digestibility figures. The cellulose (particle size approx. 1-3 mm) was prepared by freezing damped laboratory cellulose sheets and crushing the slightly thawed material in a laboratory blender.
The diets were pelle ted prior to feeding.
Trials
The same pool of experimental animals was used throughout all the protein tests. Before the trial on each protein they were divided at random into 3 groups. The protein sources were tested one after another, the 3 levels always simultaneously, for 3 weeks each with an interval of 4 weeks between trials. Food consumption and faeces sampling could not be performed separately for individuals housed Flurer, Krombach & Zucker together. Therefore each cage was one trial unit. The number of trial units per single diet was between 6 and 8, but after the end of the experiment it turned out that 7 females had been pregnant during the trial period. The consumption and bodyweight data of these animals were excluded from calculation. 10 trial units were used in the low-protein basal ration digestibility test, which was designed to last for 14 days but had to be abandoned after 9 days due to considerable weight loss in some animals.
The 4 cellulose trial diets were fed all at one time for a period of 3 weeks with 18 trial units altogether. The test diets were fed ad libitum with the banana supplement supplied as described above.
The animals were weighed at the beginning and at the end of each test period. Food intake was measured by subtracting the amount that was left over or scattered, from the quantity offered. The basis for calculation was the dry matter content. Faeces were collected several times a day during the second and third week, and separately for each cage.
The collected data were averaged with standard deviation and, when appropriate, tested for significant differences with the Wilcoxon-test.
Digestibility determination and analytical methods
Digestibility of protein and dry matter was determined by inclusion of Cr20} in the diet. This is a commonly used, non-absorbable marker. The altered ration of the respective nutrient to Cr20} (ratio in food to ratio in faeces) allows for the calculation of digestibility coefficients:
In the case of protein this is the Apparent Protein Digestibility (APD) -'apparent' because the protein measured in faeces only partly originates from the protein ingested. The other part represents the endogenous N, originating from desquamated mucosal cells, digestive enzymes and bacterial protein derived from endogenous urea.
In our studies we also estimated the True Protein Digestibility (TPD) of the proteins to be tested by subtracting the amount of protein in faeces when feeding only the basal diet plus banana from total protein in faeces. Thus the endogenous N also was eliminated. TPI = PI -BOP TPF = PF -BFP TPO = (1 -TPF) x 100 TPI Where TPI = amount of test protein ingested (g); PI = total ingested protein (g); BOP = protein derived from basal diet and banana (g); TPF = test protein in faeces (g); PF = total protein in faeces (g); BFP = amount of protein in faeces derived from basal diet plus banana and endogenous N (g) (calculated as constant).
Chromium oxide was analysed by the method described by Petry & Rapp (1971) . For the determination of crude protein a modified Kjeldal Analysis was used (Auto Analyser II: Technicon Industrial Systems, NY 10591, USA). Crude fibre was estimated by the classical Weender method.
Results
Food intake and body weight changes (Table 1) The banana supplement was always eagerly eaten and its amount is not included in the following consumption data. All protein test diets were well accepted.
The intake of milk protein diets was slightly higher than the other protein sources and the intake of the basal ration with cornstarch was lower. The average daily consumption of the protein test diets (dry matter) was between 3-4 and 4·6% of bodyweight (BW) and for the basal ration 3·2%. More of the 12% protein diets were consumed than the corresponding 22% protein diets. Changes in BW were either zero or slightly positive except for the soyabean meal diets, and did 241 not clearly correspond either with the food consumption or with the protein content of the test diets. The low-protein basal diet had to be discontinued because of considerable weight loss in some animals.
The cellulose test diets which had been eaten in amounts between 3·9 (1·2% crude fibre) and 4·5% of BW (4·0% crude fibre diet) resulted in average weight losses of 2·2%.
Digestibility of protein
The milk protein diets showed the highest digestibility with lactalbumin being slightly better than casein. Lowest values were observed with soyabean meal whilst soy protein concentrate had an intermediate digestibility. Fig. 1 shows the calculated TPD of the proteins. The values (%) for the APD of that test rations with 18·3% protein content were 83·5 ± 1·2 for lactalbumin, 82·6 ± 3·3 for casein, 77·7 ± 2·7 for soy protein concentrate and 69·8 ± 3·3 for soyabean meal. The APD of the basal ration was 55·7 ± 2·0%.
Digestibility of dry matter did not change with increasing levels of protein except for soyabean meal, where the values slightly declined from 79·4 ± 4·0 to 76·2 ± 2·8%. The average digestibility of dry matter was 85·8 ± 2·1% in the casein diets, 83·9 ± 2· 7% in those with lactalbumin and 81· 7 ± 3·5'X, in the soy protein concentrate diets. Soya bean meal a)
Soy protein a) Increasing levels of crude fibre lowered the apparent digestibility of protein from 84·3 ± 2·1 to 79·2 ± )·7% and of dry matter from 82·2 ± 3·2 to 76·5 ± 2·9% significantly (P < 0·05). Protein digestibility was hardly influenced when crude fibre percentage rose to 4% but was markedly depressed when further cellulose was added. A more constant decline was observed in the digestibility of dry matter with increasing levels of cellulose. Fig. 2 shows the course of digestibility of protein and dry matter under the influence of varying dietary crude fibre.
Consistency of faeces
No influence of dietary protein level on faecal water content was detectable.
The average percentage of dry matter was 27·2% for both species, the extremes being 28·4% in casein diets and 25·0'}'o in lactalbumin diets. With increasing cellulose levels faecal dry matter fell from 27·4 ± 1·6 to 25·0 ± 1·3'X, in the 2·4 and 7·2% crude fibre diets, respectively (P < 0·05).
Discussion
All protein sources under study, except soyabean meal, seem to be suitable as the main protein source in diets for the tested species, They are highly digestible, their consumption is satisfactory and they do not cause adverse effects on stool consIstency. Digestibility of the protein and dry m,atter~n soya bean meal diets was lower and bodywelghts dId not increase as with the other test proteins. Bodyweight changes within a short time, ,however, evaluated from a small number of adult al11mals, are not a reliable criterion as can be seen in the difference between the BW of the animals on almost the same diets with lactalbumin. In the cellulose trial the animals lost, and in the protein trial they gained weight.
True protein digestibility (TPD) is generally thought to be unaffected by protein level in the diet (Eggum, 1980) . It seems likely that the decrease in TPD noticed in the paper as protein levels increased may be accounted for in the mode of calcu]ation employed.
In this, the endogenous N p~us the amount of undigested protein in the basal ration was assumed to be constant although endogenous N is known to increase with increased protein intake (Krawielitzki, Volker, Smulikowska, Bock & Wi.insche, 1977) . Furthermore, the fact that the calculated TPD showed the greatest difference between \0·7 and 18·3% protein levels in the soyabean meal diet and least in lactalbumin diet may be also accounted for by the calculation method, as endogenous nitrogen rises more steeply when protein digestibility is lower (Krawielitzki et al., 1977) . It is probable, therefore, that the actual TPD of each test protein was closest to the value obtained with the lowest protein level.
No statement can be made on the protein requirement of the species tested, but a feed containing on average 10·7% crude protein in dry matter (= mean value 4·6 g protein/kg bodyweight) given for 3 weeks had no unfavourable effects on adult Callithricidae. The losses in bodyweight when feeding the basal ration plus banana with 5·9% protein (=2·3 g protein/kg bodyweight)
were probably due to the lower feed intake and the poor digestibility of the low-quality protein.
As with other monogastric animals, crude fibre has an effect on the protein and dry matter digestibility and on faecal water content in Callithricidae.
Each additional 'Yo crude fibre. F. (1981) . Rohfaserwirkungellauf Passagerate und (lie Verdaulichkeit 1'011 Energie, Rohfaser, Cellulose stituted by cellulose, depressed the digestibility of dry matter by 1·2 units on average. In the particular case of the soyabean meal diets. where the crude fibre level increased, (parallel with the protein source), by 1·6%, the depression of digestibility amounted to 3·2 units. Soya{)ean meal is a more 'natural' fibre source compared with the nearly pure 'crude fibre' cellulose and its actual 'dietary fibre' is considerably higher than the crude fibre value obtained by the classical Weender analysis. The capacity for crude fibre digestion in Callithricidae is comparable with that in other monogastric animals (Krombach, 1981) . The slight drop in faecal dry matter with increasing crude fibre is probably due to a decrease of passage time accompanied by an enlarged faecal volume (Krombach, Flurer & Zucker, 1984) . 
